Objective: To verify whether headaches (HAs) are associated with temporomandibular disorders (TMD) in young Brazilian adolescents.
Objective: To verify whether headaches (HAs) are associated with temporomandibular disorders (TMD) in young Brazilian adolescents.
Methods: From a population sample, 3117 public school children (12 to 14 y) were randomly invited to participate in this study. TMD was assessed according to the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) Axis I, in addition to questions #3, #4, and #14 of Axis II history questionnaire. HAs were investigated with question #18 of RDC/TMD Axis II. Chronic TMD pain was considered as pain that has persisted for 6 months or more, as proposed by the International Association for the Study of Pain. The statistical analysis consisted of w 2 tests, odds ratio (OR), and logistic regression models, adopting a significance level of 5%.
Results: The sample included 1307 individuals (a response rate of 41.93%), and 56.8% (n = 742) were girls. Overall, 330 adolescents (25.2%) were diagnosed with painful TMD and 595 (45.5%) presented with HAs. Individuals presenting with HAs were more likely to present painful TMD (OR = 4.94; 95% confidence interval [CI], 3.73-6.54, P < 0.001), especially combined muscle and joint painful TMD (OR = 7.58; 95% CI, 4.77-12.05, P < 0.001). HAs also increased the risk to a higher magnitude for chronic TMD pain (OR = 6.12; 95% CI, 4.27-8.78, P < 0.0001). All estimated ORs remained essentially unchanged after adjusting for sex.
Discussion: HAs were a potential risk factor for TMD in adolescents, and the risk was particularly higher for painful and chronic TMD. When HAs are present in young adolescents, a complete examination is strongly recommended with regard to the presence of painful TMD, and vice versa.
Key Words: temporomandibular joint disorders, TMD, headache, epidemiology, adolescents (Clin J Pain 2014; 30:340-345) A ccording to the American Academy of Orofacial Pain (AAOP), 1 temporomandibular disorders (TMD) define the clinical problems involving the masticatory muscles, the temporomandibular joints (TMJ), and associated structures. Signs and symptoms include pain, limitations, and deviation during mandibular movement and joint sounds during function. 2 TMD is common among adults and adolescents. For adults, national and international literature show prevalence rates varying from 21.5% to 51.8%. [3] [4] [5] [6] [7] In contrast, the prevalence rates shown for TMD in adolescents range from 2 to 5%. 4, 8, 9 Headaches (HAs) are the most prevalent neurological disorders and one of the most frequent symptoms reported in general practice. 10, 11 HA prevalence rates of up to 51% have been reported in children/adolescents. 11 The relationship between HA and TMD is not predictable, 12 but HA are one of the most commonly associated conditions observed in children and adolescents diagnosed with TMD. [13] [14] [15] [16] Moreover, signs and symptoms of TMD occur more often in adolescents with HA in comparison with those who are HA-free. 17 Indeed, there is a lack of studies in large population samples, and in most cases, TMD pain characteristics have not been explored in depth with regard to this association. Thus, the aim of the present study was to verify whether HAs are associated with TMD diagnosis and pain characteristics, using standardized methods of sampling and data collection in young adolescents. The study hypothesis was that an early age association between these conditions could be demonstrated.
MATERIALS AND METHODS
This was a cross-sectional study conducted in an adolescent sample of public school children from the city of Araraquara, Sao Paulo, Brazil.
Participants
Adolescents in the age range from 12 to 14 years participated in the study. Considering all methodological difficulties in accessing our aimed sample, we decided to use a cluster sampling methodology to select individuals in "clusters" that represent all city areas (ie, schools). The sample power calculation was based on previous international researches, considering a prevalence of TMD in adolescents of about 2% to 5%. 4, 8, 9 To represent the overall number of public school children of this age in the city of Araraquara (approximately n = 7172, according to the Municipal and State Education Departments), the number calculated was 1257 adolescents (considering an absenteeism of 20%).
Individuals who reported tooth pain, facial pain after injury, impaired cognitive/communication function, and those without formal consent were not evaluated. A total of 3117 adolescents were invited to participate in the present study. Only 1307 adolescents returned the written consent, met the inclusion criteria, agreed to participate, and were present when the evaluations were performed (a response rate of 41.93%).
Ethical Considerations and Sampling Procedures
This study received full approval of the Research Ethics Committee of Faculdade de Odontologia de Araraquara, UNESP-Univ Estadual Paulista (Process No. 70/10). Two researchers were responsible for visiting the 24 public schools of the city. A representative number of participants was estimated for each school on the basis of the total number of 12-to 14-year-old school children enrolled in the city. Thus, for each school, the number of evaluations made to reach a conclusion was proportional to the total number of 12-to 14- year-old students enrolled in the referred school (ie, for bigger schools, more students were included in the study and vice versa). In each school, participating classrooms were selected randomly, considering the age of students in the class. Sample students were selected from those classrooms presenting a high number of students in the 12-to 14-year age group. In the selected classrooms, the school children were given a brief explanation about TMD and about the aims of the research. Later, the adolescents were invited to participate in the study and were given a letter to hand over to their parents or legal guardian. The letter contained 4 parts: (1) a general presentation of the research aims and of TMD; (2) an educational folder about TMD; (3) a brief questionnaire about family characteristics and other socio-demographic variables; and (4) a term of free and informed consent, authorizing the adolescent's participation in the study. Items 3 and 4 needed to be filled out and returned to researchers. A similar sampling methodology has been used previously. 18 
Data Collection and Instruments

TMD
For TMD characterization, the findings of the examination protocol of the Portuguese version of the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) Axis I were used, in addition to questions #3 ("Have you had pain in the face, jaw, temple, in front of the ear or in your ear in the past month?"), #4 ("How long ago did your facial pain begin for the first time?"), and #14 ("Have you ever had your jaw lock or catch so that it would not open all the way?") of Axis II history questionnaire. 18, 19 According to the literature, the Axis I instrument can be applied to both adults and adolescents. 20, 21 All examinations were conducted by 1 calibrated researcher dentist. To test the intraexaminer reproducibility of the RDC/TMD Axis I summary of findings (Table 1) , 77 adolescents (12 to 14 y) were evaluated on 2 different occasions and with a 7-day interval between assessments (the k values obtained by comparison of the diagnoses were 0.884 for Group I [muscle disorders], 0.529 for Group II [disk displacements], and 0.795 for Group III [other joint conditions]).
On the basis of the RDC/TMD Axis I summary of findings (Table 1) , categories were formed as follow:
TMD: any diagnosis in Groups I and/or II and/or III; 22 Chronic TMD pain (question #4): pain that has persisted beyond the normal tissue-healing time for >6 months. 22 
HAs
HAs were assessed by means of question #18 of the RDC/TMD Axis II history questionnaire ("During the last six months have you had a problem with headaches or migraines?"). 19 A similar headache assessment has been used previously. 23 The reproducibility of this question was also acceptable (k = 0.688).
Menarche Assessment
Menarche among adolescent girls was directly investigated by 1 female researcher in a private interview. The referred researcher was blind to the RDC/TMD diagnosis. 
Statistical Analysis
The analyses used to evaluate the association between TMD and HAs were w 2 tests, odds ratio (OR), and logistic regression models, adopting a significance level of 5%.
RESULTS
The sample consisted of 1307 individuals, and 56.8% (n = 742) were girls. The majority of the participants were white (67.3%; n = 880); mulattos, Afro-Brazilians, and Asian participants corresponded with 26.8% (n = 350), 5.6% (n = 73), and 0.3% (n = 4), respectively, of the total sample. The mean age of the sample was 12.72 years. There were no statistical differences between boys and girls with respect to age (P = 0.121) and ethnicity (P = 0.718). The multivariate logistic regression showed that age and ethnicity were not significant variables in any model.
A total of 397 (30.4%) adolescents were diagnosed with TMD. Regarding the presence of pain, 25.2% (n = 330) of the sample patients reported painful TMD and 595 (45.5%) reported HA. Of the girls (n = 742), 80.7% (n = 599) were after menarche, and among them, 28.2% (n = 169) presented painful TMD. The prevalence of painful TMD was 25.2% (n = 36) in girls before menarche (n = 143) and 22.1% (n = 125) in boys. Between girls before and after menarche, no significant difference was detected for the prevalence of painful TMD (P = 0.465), although a significant difference was detected between boys and girls in the same analysis (P = 0.023). In contrast, the prevalence of HA in girls after menarche was 50.3% (n = 301), in girls before menarche was 51.0% (n = 73), and in boys was 39.1% (n = 221). Again, no significant difference was detected between girls before and after menarche (P = 0.864), but a significant difference was detected between boys and girls (P = 0.000) with respect to the prevalence of HAs. Similarly, regression models showed that girls both before and after menarche were at a higher risk than boys; thus, only the variable "sex" was selected for the adjustments.
As shown in Table 2 , individuals presenting HAs were about 5-fold more likely to present painful TMD (OR = 4.94; 95% CI, 3.73-6.54, P < 0.001). No potential risk was detected for the presence of nonpainful TMD.
The numbers in Table 3 show that 2.5% (n = 33) of the sample reported painful joint TMD, 13.1% (n = 171) painful muscle TMD, and 9.6% (n = 126) painful combined muscle and joint TMD. In comparison with those without pain, individuals with HAs showed an increased risk for all painful TMD diagnoses, quite similar for painful joint and painful muscle TMD, but higher in individuals with combined muscle and joint painful TMD (OR = 7.58; 95% CI, 4.77-12.05, P < 0.001).
As can be observed in Table 4 , from the total sample, 135 (10.3%) individuals reported acute TMD pain and 195 (14.9%) chronic TMD pain. HAs increased the risk for both acute and chronic TMD pain, but a higher risk was detected for chronic TMD pain (OR = 6.12; 95% CI, 4.27-8.78, P < 0.0001). All estimated ORs remained essentially unchanged after adjusting for sex.
DISCUSSION
Although a strong association between HAs and TMD has been well demonstrated in adults, [24] [25] [26] [27] [28] this relationship has still been poorly explored in adolescents. This study is important because it provides detailed information about the potential association between painful TMD and HAs in young adolescents. The most important findings were as follows: (1) a high prevalence of TMD and HAs was found in adolescents in the age range of 12 to 14 years; (2) HAs were a potential risk factor for painful TMD; (3) HAs increased the risk by higher magnitude for combined muscle and joint painful TMD; (4) HAs comprised a potential risk factor for chronic painful TMD.
Regarding the prevalence of TMD and HAs, the results of the present study are in agreement with national 29 and international 11 prevalence rates of headaches in adolescents, but not for TMD, which surprisingly was much higher (about 25%) than values found in previous studies. 4, 8, 9 Some methodological variations (ie, diagnostic criteria, examination procedures, population sampling, and TMD definition) together with different genetic backgrounds may explain the differences observed. 15, 30 Interestingly, a recent population research among Mexican adolescents using the RDC/TMD found similar results, presenting a TMD prevalence ratio of 33.2%. 13 One could suggest that the prevalence of TMD would be higher in developing than in developed countries. If this is the case, then biopsychosocial factors that may underlie these differences in prevalence should be further explored for TMD as they were for HA. 23 HAs are one of the most common symptoms reported by TMD patients, 31 justifying the high degree of association between HAs and painful TMD. Two hypotheses could explain the significant association between TMD and HAs in the sample of the present study. First, according to RDC/TMD, the criteria for myofascial TMD diagnosis include the report of spontaneous or evoked pain from the masticatory muscles. 19, 32 However, in a research in which patients were asked to draw their pain patterns and location, the drawings were focused around the masseter and on the anterior part of temporalis muscle. 32 Therefore, a TMD myofascial pain could involve a secondary headache, as the temporalis is a masticatory muscle located in the head, and anatomically, a headache is defined as pain located above the orbitomeatal line. 33 Moreover, when myofascial pain presents hypersensitive spots, that is trigger points, especially in the head, the face, or the neck, it may also be a common but undiagnosed cause of secondary HAs. [34] [35] [36] Second, the overlap between painful TMD and the primary headache seems to be related to the central sensitization phenomenon, because of the chronification of pain. 37 Individuals with chronic TMD pain and/or primary HAs tend to present alterations in the central processing of nociceptive information. 32, [38] [39] [40] [41] Thus, trigeminal central sensitization can be responsible for secondary hyperalgesia and tactile allodynia in these patients, 42 overlapping and/or spreading the pain.
As for the logistic regression model used for correcting the results, the selection of the variable "sex" was based on the potential association demonstrated with TMD and HAs in the present study. Previous studies on adolescents also found associations between the prevalence of TMD and sex, 9, 12, 43 and an association between pubertal development and TMD pain both in boys and in girls has been observed. 43 Girls seem to be more likely to report HAs compared with boys 15, 23, 29, 43, 44 and it is speculated that a combination of developmental and hormonal changes would be responsible for increasing HAs in girls after menarche. 45 However, this hypothesis was not confirmed in the present study because statistical differences were not found when comparing girls before and after menarche either for the presence of painful TMD or for HAs. Evidences show that as girls go through puberty, the presence of reproductive hormones seems to increase the risk of developing pain, 43 because several craniofacial pain conditions show remarkable sex-related differences in their prevalence in adulthood. 46 However, the absence of differences among girls before and after menarche may have occurred because the majority of the adolescents who took part in the present study have perhaps not yet been affected 16 or are affected differentially 43 by the effects of puberty (B13 y old). This hypothesis was recently supported, as self-reported TMD symptoms in girls demonstrated a correlation with advanced pubertal development whereas objective TMD diagnoses were correlated with physical development itself, independent of sex. 18 Up till now, there is still a lack of evidence to show how sex hormones can affect sensory processing in the trigeminal system. 46 When interpreting the results of the present study, some points deserve attention. First, HAs are based on adolescents' response to a single question, and thus the HAs were not classified. However, the reproducibility of the HAs question reached an acceptable value and a similar prevalence rate was obtained in a recent national study, 29 in which authors used the ICHD-II 33 to assess headaches. Furthermore, although large, the sample was derived from a single Brazilian city and school children from private schools were not included. In Brazil, children from a higher social status are less likely to attend public schools, 29 and consequently, the results cannot be extrapolated to the overall population once a low social class has been cited as a risk factor for pain, especially for multiple pain conditions. 43 Also, all research in which the participants are volunteers can present a selection bias; although the sampled population was somewhat skewed toward girls (57%), we did our best to keep the sex distribution of the real population (in about 50-50%).
The reproducibility of the RDC/TMD Axis I diagnosis was an extremely important part of the present study, once the diagnosis categories (TMD overall, painful and nonpainful TMD, painful muscle, joint, and combined TMD) were grouped on the basis of the summary of findings (Table 1 ). Although we have used a specific definition according to RDC/TMD axis I protocols, 19 the intraexaminer k value for group II (disk displacements) was lower than those obtained for the other groups and was considered a diagnosis with moderate agreement. 47 This can be due to the low incidence of this diagnosis in the sample taken for the reproducibility analysis (n = 77) in which 7 adolescents (9.09%) received a positive diagnosis both in the first and in the second evaluation, but only 4 of them had received a concordant diagnosis. Also, the majority of these diagnoses consisted of disk displacements with reduction and it is known that TMD signs and symptoms in adolescence are generally occasional and fluctuating, 48, 49 especially clicking sounds. 50 The examiner may have failed to exclude the temporary findings correctly, which may have resulted in a lower reliability than that observed in a previous research 21 ; however, this does not constitute a limitation to our findings once the most important comparisons were conducted on the basis of painful diagnosis and this condition does not represent a painful condition itself.
The strengths of this study include the use of a standardized methodology for epidemiology and TMD classification together with a well-established method to investigate diseases in the young population. 18, 29 In addition, the participation rate was relatively high and similar to that of another recent study from the United States, 14 which may reduce the potential bias.This cross-sectional study allowed the detection of associations, but no causal relationship between the conditions could be established.
It could be concluded that HAs are a potential risk factor for painful and chronic TMD diagnosis. Thus, when there is a presence of HAs in young adolescents, a complete examination is strongly recommended with regard to the presence of painful TMD and vice versa.
